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Abstract 
This paper presents a new actuation scheme at the nanoscale inherited from spintronics, which uses specific magnetic stacks 
retaining a high magnetization at the nanoscale. We have simulated a NEMS co-integrated with such a stack used as a nano-
magnet and shown that the magnetic field in its vicinity is strong enough to actuate a nano-beam with the Lorentz force. This 
integrated nano-system has been fabricated, using a release process based on xeon difluorid, which allows obtaining gaps below 
200 nm. Optical and electrical characterizations are under progress. 
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1. Introduction 
Amongst Nano-Electro-Mechanical Systems (NEMS), resonators focus a lot of attention because they fully 
beneficiate of the size reduction, which leads to an increase in the resonance frequency, and allows for a multi-
sensors approach. Applications are numerous where NEMS can be of interest to the commercial market: bio- or 
chemical sensors, filter, time reference [1]. For instance, it has been demonstrated that they allow sensing mass 
down to the zeptogram (10-21 g), opening the path to ultra-sensitive chemical sensors [2]. Current integrated NEMS 
use electrostatic actuation [3] [4] [5]; others rely on magnetic actuation, but in this case, the device is cooled down 
to cryogenic temperature in order to use the magnetic field of a superconductive coil [6]. At room temperature, 
detection is mainly capacitive [3], otherwise it relies on heavy laboratory set-ups (optical – see [7] to have an 
overview – or in the case of carbon nanotubes, AFM tips [4] or conductance variation [5]). 
 
Classical magnetic actuations used in MEMS (such as the Maglatch [8]) are not suited for dimension reduction 
because either hard magnets loose their properties or current-induced magnetic fields are not powerful enough. We 
present here a new magnetic actuation scheme working at room temperature, using synthetic nano-magnets [9]. The 
 
* Corresponding author. Tel.: +33 (0) 4 38 78 29 15. 
 E-mail address: laurent.duraffourg@cea.fr 
  
1876-6196/09 © 2009 Published by Elsevier B.V. 
doi:10.1016/j.proche.2009.07.351
Procedia Chemistry 1 (2009) 1407–1410 
Open access under CC BY-NC-ND license.
 first part of this paper presents the model we use to design the structures, and the second part deals with the 
fabrication process of the resonator. 
 
2. Modeling of the Nano-resonator 
2.1. Synthetic nano-magnet 
The synthetic nano-magnet are inherited from spintronics: this research field led to the invention of Magnetic 
Random Access Memories, which uses the Giant Magneto-Resistance (GMR) effect between two magnetically 
polarized layers: one being free (to sense the external magnetic field when writing the bit cell) and the second being 
pinned (as a reference state). The pinned layer usually consists of a ferromagnetic material (F) such as Co or CoFe 
deposited onto an antiferromagnetic material (AF) such as NiMn or PtMn (see the magnetic stack in Fig. 1). The 
exchange interaction between the AF and the F layers pins the magnetization of the F layer in a given direction in a 
saturated uniform magnetic state [10]. 
Thus, this can actually be considered as a high-magnetization nano-magnet producing strong dipolar fields in its 
vicinity. For GMR devices, one tries to cancel this stray field which may interact with the sensing layer. In the 
opposite, here we take advantage of this strong dipolar field which meets the requirements for an efficient nano-
actuation. In this case, shrinking dimensions does not impair the magnetic properties of the structure. For instance, 
the magnetic field can reach several tens of militesla at a distance of 50 nm for an in-plane saturation magnetization 
of 2.4 T (FeCo value). 
2.2. Actuation 
Our resonator uses such an artificial permanent nano-magnet, along with a platinum clamped-clamped beam (the 
resonator in itself), in which an alternative current i(ω) can flow as shown in Fig. 1. The Lorentz force Fl 
dFl(ω) = i(ω) dl  ^ B 
that appears because of the interaction between the magnetic field and the current flowing in the beam, drives the 
beam into its mechanical resonance. Because the nano-magnet is magnetized in plane, depending on its position, the 
beam lays either in a planar magnetic field (in which case the Lorentz force will be vertical and the displacement is 
out-of-plane, see Fig. 1. A) or a vertical magnetic field (hence the beam will move in-plane, see Fig. 1 B). Other 
AF/F/AF stacks, such as the one proposed in [11], exhibit out-of-plane magnetization, which can also be used for in-
plane actuation (Fig. 1. C) 
What is remarkable in this system is that unlike any other magnetic NEMS, it works at room temperature, which 
is a requirement for industrial applications. The magnet is manufactured in a co-integration process along with the 
mechanical structure, as shown in section 3. We have established a comprehensive model calculating the magnetic 
field generated by the nano-magnet in the beam, and the mechanical beam deformation due to the resulting Lorentz 
force. Our model also includes process requirements so that we could design a set of resonators with different sizes 
and positions. 
2.3. Detection 
This actuation scheme allows for a very simple detection based on the induced bias VEMF (see for instance [6]): 
VEMF(t) = ξBL dz(t)/dt 
In order to amplify the induced signal, we put in parallel two NEMS of slightly different resonance frequencies. 
This differential scheme allows getting rid of the NEMS background signal. Here again, the signal is proportional to 
the magnetic field and the advantage of using the nano-magnet rather than a metallic wire is obvious. Thanks to that 
particular detection scheme, simulations show an output signal of about 12 µV for a 1 µm long, 250 nm wide and 30 
nm thick clamped-clamped beam and a magnetic stack of 1 µm x 500 nm x 45 nm located 100 nm below the 
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structure. The natural frequency is about 185 MHz. For large displacements, the strain, of second-order in this 
doubly clamped structure, enables also piezoresistive detection. 
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Fig. 1. Schematic of the magnetic resonator: the magnetic stack acts as a nanomagnet: when a current flows in the metallic beam, the resulting 
force puts the resonator in a movement either out-of-plane (A) or in-plane (B and C). 
3. Sample Manufacturing 
We present a simple co-integration process to manufacture the integrated nanoresonator. First, the magnetic 
layers are deposited onto an oxidized wafer (Fig. 2. 1). After a lithographic step, the magnet is etched in an ion beam 
etching system (Fig. 2. 2). Before stripping the resist, a Ti layer is deposited, so that the level of the Ti layer and the 
magnetic stack are roughly the same after stripping (Fig. 2. 3). Then, a second Ti layer, whose thickness defines the 
gap dimension, is deposited (Fig. 2. 4). The mechanical layer, made in platinum, is patterned by a lift-off process 
(Fig. 2. 5). Eventually, we used a non-conventional release process based on xenon difluoride, which is a gas that 
chemically etches the sacrificial titanium layer (Fig. 2. 6). 
 
Fig. 2. Fabrication process of the nano-resonator. This process allows controlling precisely the gap between the nanomagnet and the mechanical 
structure.  
We have successfully release magnetic cantilevers on a micromagnet with a 150 nm gap, without degrading the 
magnetic material (Fig. 3), as it still shows magnetic hysteresis cycle when measured in a vibrating sample 
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 magnetometer. Scanning vibrometer measures have shown that the beam can freely move above the magnet. The 
obtained structures are currently under electrical tests. 
 
2 µm
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Fig. 3.  SEM pictures of a released platinum clamped-clamped beam above a magnet. On this sample, the gap is 150 nm. 
4. Conclusion 
In conclusion, nano-magnets formed by multilayers of AF/F materials are very promising to actuate nanosystems. 
At these scales where classical magnetic materials cannot be used, the generated field is several hundred times 
higher than a current-generated field. We have modeled the whole system to demonstrate that actuating and 
detecting a beam with a resonance frequency of more than 100 MHz is realistic. Furthermore, current manufacturing 
of this system is well under-way mainly thanks to a release process based on XeF2. This process has been optimized 
for a very large scale integration, on 200 mm wafers, and smaller devices. 
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